[Abstract] Identification of specific DNA binding sites of transcription factors is important in understanding their functions. Recent techniques allow us to investigate genome-wide in vivo binding positions by chromatin immunoprecipitation combined with high-throughput sequencing. However, to further explore the binding motifs of transcription factors, in-depth biochemical analysis is required.
analysis.
On the other hand, Amplified Luminescence Proximity Homogenous Assay (Alpha) technology is an emerging alternative method to effectively detect protein-DNA interaction (AlphaScreen ® ). AlphaScreen assay uses two types of small beads (250 nm in diameter), Acceptor and Donor beads, which are specifically designed to associate with either a target protein fused with a protein tag or a biotinylated cis-regulatory element. When the protein-DNA interaction occurs, illumination at 680 nm releases singlet oxygen from donor beads, which subsequently transfers energy to acceptor beads to generate light at 520-620 nm. Since the half-life of singlet oxygen is only 4 µsec, the interaction is not detected without close proximity (see also web site: www.perkinelmer.com/alphascreen). Since AlphaScreen ® shows high sensitivity and low background in a microplate format, it can adapt to a high-throughput screening platform.
Compared to EMSA and transient assay, AlphaScreen
® is considerably easier to handle and quicker for the detection of protein-DNA interaction. Moreover, we have developed a highly efficient way to synthesize proteins in vitro Tada, 2018a and . This method enables us to synthesize proteins that are difficult to obtain in cell-based production systems such as E. coli.
Furthermore, this method is highly time efficient because the DNA template for in vitro transcription can be made by the second round of PCR using any type of cloning vectors. To take these advantages, we describe a protocol from protein synthesis to AlphaScreen ® assay for detecting protein-DNA interactions. We confirm that our method contributes to the understanding of biological roles of transcription factors function in diverse signaling pathways. To attach a protein tag, in this case, "FLAG ® -tag" to N-terminus of a target transcription factor, perform the two-step PCR method. All primers for making transcription templates are shown in Table 1 . (Nomoto and Tada, 2018a) and Methods Mol Biol (Nomoto and Tada, 2018b) Step 3: 72 °C for 2 min
Materials and Reagents

Note: For details, please refer to articles published in Genes Cells
Step 4: 4 °C until agarose gel electrophoresis Step 4: 72 °C for 2 min
Step f. Detect signal by EnSpire TM Alpha Plate Reader. After the excitation at 680 nm, the emission wavelengths between 520 and 620 nm are measured as AlphaScreen ® unit.
Data analysis
1. Divide the signal intensity from the mix of biotinylated DNA probe by the signal intensity from the mix of non-biotinylated DNA probe. This signal can be used as "Relative signal intensity" for plotting a graph.
Note: The signal intensity from negative controls (without target protein) usually shows very low signal.
2. Data from 3 technical replicates are combined for the statistical analysis, and the same experiment using different batches of proteins is repeated at least 3 times with similar results.
